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\ What is claimed is: 



CLAIMS 



1 . A method of erasing a core memory cell using a negative gate voltage in a 
semiconductor memory device, comprising: 

generating an erase signal to^begin an erase operation; 
generating a pre-charge^umal according to the erase signal; 
pre-charging negatjye ppn$ MOS ^regulation capacitors according to the pre- 
charge signal; 

regulating a^negative pump voltage using the pre-charged negative pump MOS 
regulation capa<ntors; and 

erasing the core memory cell by applying a negative gate voltage to the core 
memoryxell using the regulated negative pump voltage. 



^ ^^^2. The method of claim 1 , wherejp-'gSnerating a pre-charge signal comprises 
'generating a pulse, and wherein pre^pfeSrging negative pump MOS regulation capacitors 
comprises connecting a refp^efice voltage to the negative pump MOS regulation 
capacitors accordjjag^o the pulse. 




thz? The method of claim,!; wherein generating a pre-charge signal comprises 
generating a pulse having a pulse duration, and wherein pre-charging negative pump 
MOS regulation capacitors comprises connecting the reference voltage to the negative 
pump MOS regulation capacitors during the pulse duration. 



2>4#? The method of claim^fwherein the negative pump MOS regulation 
capacitors comprise a capacitive voltage divider circuit having a first capacitance with a 
first terminal connected to a ground and a second terminal connected to a switch, and a 
second capacitance with a first terminal connected to the switch and a second terminal 
connected to a negative voltage pump, and wherein connecting the reference voltage to 
the negative pump MOS regulation capacitors during the pulse duration comprises 
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connecting the reference voltage to the second terminal of the first capacitance and the 
first terminal of the second capacitance using the switch. 

*/ /f! The method of claim^f wherein connecting the reference voltage to the 
second terminal of the first capacitance and the first terminal of the second capacitance 
comprises closing the switch according to the pulse. 

H 

5jf! The method of claim^wherein the pulse duration is about 160ns. 
Lp The method of claim,2f wherein the pulse duration is about 160ns. 



8. The method of claim 1 , wherein ppe^^cJiarging the negative pump MOS 
regulation capacitors comprises connecting a reference voltage to the capacitors according 
to the pre-charge signal. 





9. TJ^Cmethod of claim 8, whe^ej^pre-cKarging the negative pump MOS 
regulationpajjacitors comprises connecting the reference voltage to the capacitors for 
abouMoOns. 



10. The method of claim 1 5 whej^m the negative pump MOS regulation 
capacitors comprise a capacitive voltage'divider circuit having a first capacitance with a 
first terminal connected to a groun^and a second terminal connected to a switch, and a 
second capacitance with a firsLterminal connected to the switch and a second terminal 
connected to a negative vojlage pump, and wherein pre-charging the negative pump MOS 
regulation capacitors cpfinecting a reference voltage to the second terminal of the first 
capacitance and thp^nrst terminal of the second capacitance using the switch. 



1 1 \^ A method of providin^>d1^ativegSf&\voltage during a core memory cell 
erase operation, comprising: I hl^ 
generating apf^charge signal; 
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pre-chargipg negative pump MOS regulation capacitors according to the pre- 
5 charge signal; 

regulating a negative nmnto voltage using the pre-charged negative pump MOS 
regulation capacitors; Vnd 

providing a neg^ive gate voltage to the core memory cell using the regulated 
negative pump voltage. 



fYj * yr^l- The method of cjalm 11, wherein generating a pre-charge signal comprises 
generating a pulse, and whprein pre-charging negative pump MOS regulation capacitors 
comprises cormectine^reference voltage to the negative pump MOS regulation 
capacitors according to the pulse. 
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^ The method of claim wherein generating a pre-charge signal comprises 

generating a pulse having a pulse duration, and wherein pre-charging negative pump 
?ij MOS regulation capacitors comprises connecting the reference voltage to the negative 

I pump MOS regulation capacitors during the pulse duration. 

The method of claim^^wherein the negative pump MOS regulation 



y capacitors comprise a capacitive voltage divider circuit having a first capacitance with a 

first terminal connected to a ground and a second terminal connected to a switch, and a 
second capacitance with a first terminal connected to the switch and a second terminal 
5 connected to a negative voltage pump, and wherein connecting the reference voltage to 

the negative pump MOS regulation capacitors during the pulse duration comprises 
connecting the reference voltage to the second terminal of the first capacitance and the 
first terminal of the second capacitance using the switch. 

Jo. The method of claimj^, wherein the pulse duration is about 160ns. 
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16. The method of claim 1 1, whereinj>r€-charging the negative pump MOS 
regulation capacitors comprises cormectipgif reference voltage to the capacitors according 
to the pre-charge signal. 





17. The method of claim 16, wherein pre-charging the negative pump MOS 
regulation,c£pacitors comprises connecting the reference voltage to the capacitors for 
aboviH60ns. 

1 8. The method of claim 1 1 , wherein the negative pump MOS regulation 
pacitors comprise a capacitive voltage divider circuit having a/first capacitance with a 

first terminal connected to a ground and a second terminal connected to a switch, and a 
second capacitance with a first terminal connected to the sWitch and a second terminal 
connected to a negative voltage pump, and wherein pre-jeJharging the negative pump MOS 
regulation capacitors connecting a reference voltage to the second terminal of the first 
capacitance and the first terminal of the second capacitance using the switch. 

\ 19. An apparatus for pre-charging negative pump MOS regulation capacitors 
during a core cell erase operation in a memory device, comprising: 

a switch connected between a reference voltage and the negative pump MOS 
regulation capacitors; and 

a pre-charge control circui/providing a pre-charge signal to the switch; 

wherein the switch is operative to selectively connect the reference voltage to the 
negative pump MOS regulation capacitors according to the pre-charge signal. 



20. The apparatus of claim 19, wherein the pre-charge control circuit receives 
an erase signal during tne core cell erase operation, and generates the pre-charge signal for 
a time period, and wherein the switch connects the reference voltage to the negative pump 
MOS regulation capacitors during the time period. 



J&f. The apparatus of claim wherein the time period is about 1 60ns. 
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22. The apparatus of claim lSovherein the negative pump MOS regulation 
capacitors comprise a capacitive voltage divider circuit having a first capacitance with a 
first terminal connected to a ground and a second terminal connected to the switch, and a 
second capacitance with a first/ferminal connected to the switch and a second terminal 
connected to a negative vol^ge pump, and wherein the switch is operative to selectively 
pre-charge the negative pump MOS regulation capacitors by connecting the reference 
voltage to the secondyterminal of the first capacitance and the first terminal of the second 
capacitance according to the pre-charge signal. 
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